AUTHOR'S VIEW 



Oncolmmunology 1 :9, 1 635-1 636; December 201 2; © 201 2 Landes Bioscience 

In vivo evidence for dendritic cell lysis by NK cells 

Hints on improving cancer vaccines by targeting NK cell 
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By using an experimental model of anticancer vaccination, we have recently lent support to the assumption, so far 
only sustained by in vitro data, that natural killer cells can restrain less immunogenic, allegedly tolerogenic, dendritic 
cells (DCs). This in vivo selection of immunogenic DCs appears to depend on perforin and to be associated with a more 
protective tumor-specific T lymphocyte response. 



In recent years, a number of studies have 
indicated that natural killer (NK) cells are 
not merely cytotoxic lymphocytes compe- 
tent in containing viral and tumor spread- 
ing but also can be considered as crucial 
fine-tuning effector cells during protec- 
tive immune responses. For instance, 
the exploration of the functional links 
between NK and dendritic cells (DCs) 
has shown that reciprocal activation ensue 
the NK/DC interaction. 1,2 Therefore, NK 
cells can also shape adaptive immune 
responses by causing DC maturation and 
influencing the polarization of primary 
T-cell responses. 3 These functions sup- 
port protective immune responses against 
intracellular pathogens and tumors that 
are most efficiently promoted by Thl 
polarized immunity. 3,4 The NK cell- 
mediated differentiation and maturation 
of DCs primarily occurs via the release of 
pro-inflammatory cytokines by activated 
NK cells, including tumor necrosis factor 
a (TNFa) and interferon 7 (IFN7). 4 

Conversely, once activated by DCs, 
NK cells can acquire the capability of kill- 
ing immature myeloid DCs. 1 This effect 
is due to the fact that immature DCs 
typically express low levels of MHC class 
I molecules, which would protect them 
from NK-mediated lysis. Conversely, 
DCs that, upon antigen uptake, undergo 
maturation, upregulate MHC Class I 



expression and become resistant to NK 
cells. 1 During the process of maturation, 
DCs not only upregulate MHC mole- 
cules but also chemokine receptors, such 
as CCR7, and co-stimulatory molecules. 
The expression of these molecules is cru- 
cial for the subsequent DC migration to 
lymph nodes as well as for the priming 
of T lymphocytes. Thus, it has been sug- 
gested that the NK-mediated killing of 
DCs may serve to keep in check the qual- 
ity and the quantity of DCs undergoing 
maturation (DC editing). 5 According 
to this model, DCs that fail to express 
sufficient amounts of MHC molecules, 
which would induce inappropriate, low- 
affinity T-cell priming resulting either in 
Th2 responses or in the induction of tol- 
erance, would be removed by NK cells. 6 
Indeed, in the absence of NK cells, the 
in vivo default development pathway of 
T cells appears strongly biased toward 
the acquisition of a Th2 phenotype. 7 

However, while in vivo evidence for 
DC activation by NK cells had previously 
been provided, 8,9 the demonstration that 
autologous DC killing by NK cells is a 
functionally relevant event occurring in 
vivo has remained elusive for a long time. 
We addressed this issue in a recent study, 
showing that NK cells can efficiently 
select highly immunogenic DCs for the 
generation of optimal adaptive immune 



responses in vivo. 10 In an experimental 
model of anticancer vaccination, irradi- 
ated tumor cells were administered alone 
or together with cells devoid of MHC 
Class I molecules, i.e. cells capable of trig- 
gering NK cell activation. Adding MHC- 
devoid target cells in the vaccine boosted 
the expansion of tumor-specific CTLs, 
eventually resulting in enhanced survival 
of mice upon challenge with a lethal dose 
of tumor cells (Fig. 1). The depletion of 
NK cells as well as the use of Pfn~'~ mice 
(which lack the gene coding for perforin) 
impaired both this tumor-specific T-cell 
response and its protective role upon 
tumor challenge. 

It is noteworthy that such an enhanced 
antitumor immune response was strongly 
associated with a decrease in the num- 
ber of DCs found in vaccine-draining 
lymph nodes. We indeed observed that 
the addition of MHC-devoid cells to the 
vaccine was consistently accompanied by 
a decrease of DCs in draining but not in 
controlateral lymph nodes. The residual 
DCs in the draining lymph node displayed 
higher T-cell activating capability. This 
decrease in the number of nodal DCs was 
abrogated by depleting NK cells in mice, 
indicating a crucial role for NK cells in 
this phenomenon. In addition, no decrease 
of DCs occurred in draining lymph nodes 
of Pfn~'~ mice, strongly suggesting that 
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Figure 1. (A and B) In an experimental model of anticancer vaccination, mice were vaccinated 
with either 7-irradiated tumor cells alone or 7-irradiated tumor cells mixed with cells devoid of 
MHC molecules (MHC™ 9 cells). After 21 d, mice were challenged with a lethal dose of tumor cells 
and monitored for tumor growth twice a week for two months. (A) Improper tumor antigen 
presentation by immature dendritic cells (DCs) hinders the clonal expansion of tumor specific T 
cells. (B) Natural killer (NK) cells, as activated by MHC ne9 cells, remove immature "tolerogenic" DCs. 
Residual activated DCs are highly immunogenic and can induce proper T-cell clonal expansion, 
which confers protection to mice against a subsequent challenge with tumor cells. 



NK cells can restrain DCs number by a 
perforin-dependent mechanism. 

Our results indicate that, in vivo, NK 
cells can edit DCs for the generation 
of optimal adaptive immune responses 
not only by inducing DC maturation 
and improving DC survival, as previ- 
ously demonstrated, 8,9 but also by kill- 
ing poorly immunogenic DCs. 10 Cell 
vaccines are under intense investigation 
and represent a feasible and inexpensive 
tool for cancer immunotherapy. Our 
data suggest that cancer cell vaccines 
could be improved by strategies aimed at 



NK cell activation, such as the use of 
NK-sensitive cancer cells. In the attempt 
to develop novel antitumor vaccines, 
appropriate NK cell activation could 
be accomplished by the employment of 
histotype-matched allogeneic tumor cells 
expressing MCH class I molecules that 
are adequately mismatched with the NK 
cell inhibitory receptor repertoire of the 
patient. In this scenario, allogeneic tumor 
cells would be recognized and killed by 
NK cells providing a sufficient source of 
tumor-associated antigens to be loaded on 
highly immunogenic DCs, as selected by 



activated NK cells. Allogeneic tumor cells 
in these cancer vaccines could be coupled 
with autologous tumor cells if available. 
Nevertheless, since patient cancer cells 
are often not accessible, immunotherapy 
protocols foreseeing the use of suitable 
allogeneic cells might allow to both enroll 
large cohorts of cancer patients and vir- 
tually improve the efficacy of anticancer 
vaccines. 
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